Abstract-The LHCb experiment has been successfully taking data at the Large Hadron Collider (LHC) at CERN since the end of 2009. One of its key detector components is the RingImaging Cherenkov (RICH) system. It provides charged particle identification over a wide momentum range, from 2 to 100 GeV/c. It consists of two RICH detectors that cover between them the full angular acceptance of the experiment, 15-300 mrad with respect to the beam axis. The LHCb RICH system has been performing extremely well and is providing the LHCb experiment with a robust, reliable and precise particle identification system for all hadronic processes. Particle identification performance is presented, as measured using data from the LHC. A few important physics channels, where PID is critical for the correct evaluation of high energy processes will be shown. At present, LHCb is preparing for three years of intense data taking, before entering a proposed upgrade, which should push it further in the possible realm of new physics and should improve statistical relevance of flavour physics quantities. The main option for the RICH system upgrade will be described.
I. INTRODUCTION
L HCB [1] is one of the four major experiments at the LHC, and is dedicated to the study of CP violation and the rare decay of heavy flavours. It is a forward spectrometer designed to accept forward-going b-and c-hadrons produced in proton-proton collisions. The RICH system of the LHCb experiment [2] provides charged particle identification (PID) over a wide momentum range, 2-100 GeV/c, by using two separate RICH detectors: RICH-1, close to the collision point, covering large acceptances (up to 300 mrad) and 2-50 GeV/c momentum range; and RICH-2, placed just before the Calorimetry system, covering up to 120 mrad acceptance and 15-100 GeV/c momentum range.
II. RICH OPERATION
The LHC accelerator started at the end of 2009 and ran at a centre-of-mass energy of 7 TeV until the end of 2011, followed by 8 TeV in 2012. The luminosity rapidly increased, reaching the LHCb nominal operating value at the end of 2010, 2⇥10 32 cm 2 s 1 , and doubling it for the 2012 year run. During the last years the LHCb RICH detectors have been working in a very high multiplicity environment, as can be seen in Figure 1 . The average number of recorded hits per event was around 2000 in each detector, with tails up to more than 4000. Due to the close proximity of the experiment dipole magnet, the Hybrid Photo Detectors (HPD) suffer from image distortion caused by the fringe magnetic field. A correction is applied by projecting test patterns on the photodetector plane with the field on or off. The alignment of the different detector components (mirrors, photodetectors, etc...) is a crucial ingredient to get the best possible resolution in reconstructing Cherenkov angles. In addition to that, many other parameters (gas purity, etc...) are automatically monitored during data taking and corrections plus calibrations steadily applied. 
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Single photon resolutions of 1.6 mrad and 0.7 mrad are obtained for the gas radiator in RICH-1 and RICH-2 (5.6 mrad for the Aerogel radiator in RICH-1).
III. PARTICLE IDENTIFICATION PERFORMANCE
Particle identification (PID) is achieved using an overall event log-likelihood algorithm where all tracks in both RICH are considered simultaneously. The distribution of the Cherenkov angle as a function of the momentum is shown in Fig. 2 , obtained using isolated tracks for RICH-1 only. An example of RICH PID task is shown in Figure 3 , where the invariant mass distribution for B 0 ! ⇡ + ⇡ decays in the LHCb data before the use of the RICH information is shown. The signal is represented by the turquoise dotted line. After applying RICH particle identification the distribution is modified as shown in Particle identification performance is evaluated from data, using genuine samples of pions, kaons and protons. These particles are selected using kinematic cuts only, allowing selection of samples with high purity (from the K
). An example of kaon efficiency and pion mis-identification rate is shown in Fig. 5 , as a function of momentum.
IV. UPGRADE PROGRAM
As the push to achieve better statistical limits on the one side and to search for new physics at very small cross-section processes becomes essential, the need of increasing luminosities and energies becomes evident. Moreover, a totally flexibleand therefore software based -event selection (Trigger) system with the capability of processing the 40 MHz LHC collision rate would then make full use of the enormous LHC offering range. Fig. 4 . Invariant mass distribution for B ! h + h decays in the LHCb data after applying RICH particle identification.
To this end, LHCb is preparing for an important upgrade [3] to be achieved around the year 2018 (during the Long Shutdown 2 period -LS2), in order to fully exploit the LHC flavour physics potential.
Plans are for LHC to deliver luminosities up to 2⇥10 33 cm 2 s 1 (now 4⇥10 32 cm 2 s 1 ) at a centre of mass energy of 14 TeV (now 8 TeV) and with a collision rate of 40 MHz (now 20 MHz).
LHCb reached ⇠3 fb 1 at the end of 2012, and the plan for the coming years is to collect ⇠5 fb 1 up to LS2. Thanks to the detector upgrade, the target is ⇠50 fb 1 accumulated in 10 years of data taking after LS2.
The main options for the RICH system upgrade have been presented in Ref. [4] , and a complete Technical Design Report is being prepared by the Collaboration. In order to overcome the current limitation of ⇠1 MHz actual L0 trigger rate and reach 40 MHz continuous data taking, a substantial change in LHCb trigger and read-out architecture is needed.
All HPDs, which contain an electronic adapted to the previous conditions, will have to be changed together with the whole electronic and data acquisition chains. These photodetectors will be replaced by commercial Multi anode PMTs (Ma-PMT), using novel external front-end electronics and new services.
In addition, the RICH-1 optical system has to be modified in order to handle higher detector occupancies (increase focal length of RICH-1 spherical mirrors in order to halve the occupancy) and the aerogel must be removed.
V. CONCLUSIONS
The LHCb RICH detectors have been operated with high efficiency since the end of 2009 in a high track multiplicity environment. Particle identification performance has been evaluated with data and it exceeds design specifications. Most LHCb analyses are using RICH PID information, allowing precise measurements of b and c quark decays.
LHCb proposed an important upgrade (after 2018) to cope with the foreseen 2⇥10 33 cm 2 s 1 luminosity. New photodetectors and electronics are needed in order to read-out the full detector at 40 MHz, in addition to a modified RICH-1 optics.
